De Quervain's disease, carpal tunnel syndrome (CTS), and trigger finger (digit) are three common pathological conditions of the hand. They are considered overuse syndromes and occur predominantly in females. The prevalence rate and causespecific risks of these three tendinopathies have not yet been clarified. Data from 41,871 cases listed in the Taiwan National Health Insurance Research Database (NHIRD) from 2010 to 2014 were analyzed. The prevalence rate of these 3 conditions by age, sex, and the risk factors of female-dominant diseases (e.g., osteoporosis, rheumatoid arthritis [RA], and tendinopathy), diabetes mellitus, and hormone antagonist treatment was evaluated. We found that 1.59% of the population developed CTS, 0.49% developed de Quervain's, and 1.07% developed trigger finger. Cases were more likely to develop the three hand tendinopathies if they were female, between 50 and 59 years old, and, according to a multivariate analysis, comorbid with RA, diabetes, using hormone antagonists. Our findings should provide an understanding of the risk factors associated with hand tendinopathy.
Introduction
De Quervain's disease, carpal tunnel syndrome (CTS), and trigger finger (digit) are three common pathological conditions of the hand. They are considered overuse syndromes and occur predominantly in females. De Quervain's disease is precisely defined as "stenosing tenosynovitis of the first dorsal compartment". [1] Because the sheath that contains the abductor pollicis longus and extensor pollicis brevis tendons at the radial styloid process thickens and swells, it causes pain on the radial side of the wrist. The patient gradually loses grip strength as the symptoms become more severe. CTS is a "peripheral nerve compression neuropathy". [2] Its underlying mechanism involves elevated carpal tunnel pressure because of a reduction in carpal tunnel dimension or an increase in the volume of carpal tunnel content. Most CTS cases are idiopathic and are characterized by noninflammatory fibrosis of the subsynovial connective tissue within the carpal tunnel. [3] Trigger finger is generally caused by a size mismatch between the flexor tendon and the first annular (A-1) pulley. All three hand conditions can be conservatively managed using splinting, corticosteroid injections, nonsteroidal anti-inflammatory drugs (NSAIDs), and other adjuvant modalities; surgery is another option. [4] [5] [6] Patients are at greater risk for developing postoperative trigger finger after carpal tunnel release. [7] A meta-analysis [8] suggests that both type 1 and type 2 diabetes are risk factors for CTS. The prevalence of trigger finger after carpal tunnel release was higher for patients with diabetes than without it. [9] CTS, trigger finger, and de Quervain's disease are all musculoskeletal disorders caused by repetitive hand posture and motion. [10] These hand tendinopathies appear to be related, but the underlying mechanism is unclear.
Females are more likely to develop autoimmune and inflammatory diseases because of sexual dimorphism. [11, 12] De Quervain's disease is found more commonly in women during the later stages of pregnancy and in the early postpartum period. [13] Epidemiologic studies have shown that de Quervain's disease occurs most often in women. The prevalence rate is more than three times higher than in men in the working population. [14] Other studies [15] have reported that CTS is highly associated with postmenopausal women and women who have had an oophorectomy. Similarly, women are more significantly affected by trigger finger than are men, especially women more than 53 years old. [16] Hormonal changes have been suggested to be associated with these diseases. [13, 15] However, why this is so is unclear.
Endogenously induced hormonal changes and external mechanical stress might mutually affect each other during the disease pathogenesis. We previously [17] reported that estrogen receptor (ER)-b expression was higher in patients with de Quervain's disease, that its expression level was related to the disease severity, and that disease severity was also associated with tissue inflammation and angiogenesis. Others have reported that some hand abnormalities are related to sex and specific occupations. [10, 16, 18, 19] However, the prevalence rate and cause-specific risks of these three conditions have not yet been clarified. We hypothesize that change in estrogen expression levels affect the soft tissue and result in hand abnormalities. We used the Taiwan National Health Insurance Research Database (NHIRD) (http://nhird.nhri.org.tw/en/Background.html) to assess the musculoskeletal diseases considered sexual dimorphisms. We determined their prevalence rates from 2010 through 2014 by age, sex, chronic diseases (e.g., diabetes mellitus [DM]), and risk factors. This is the first large national database study of the factors associated with these hand tendinopathies.
Methods

Study design and data source
Taiwan implemented a compulsory National Health Insurance (NHI) program in March 1995 that covers 99.6% of its 23 million residents. [20] It records clinical diagnoses and procedures based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. [21] Our study design and study population use retrospective nationwide cohorts based on Taiwan's NHIRD derived from the registration files and original claims data of the NHI program. The NHIRD includes medical information about beneficiary characteristics, insurance information, date of admission, diagnosis at discharge (up to 5 diagnoses), procedures undergone (up to 5), expenditures, registration, ambulatory and inpatient care, examinations, and medication. This study and the related data were gathered from the ambulatory care expenditures by visits (CD), details of ambulatory care orders (OO), inpatient expenditures by admissions (DD), details of inpatient orders (DO), and registry for beneficiaries (ID) from 2010 through 2014. The data used in this study are taken from the NHI's Longitudinal Health Insurance Database (LHID) 2010. The LHID 2010 includes all the medical claims of 2 million individuals who were systematically and randomly sampled and selected from the 2010 Registry of Beneficiaries of the NHIRD. The LHID 2010 data contained 41,871 hand tendinopathy cases and 167,484 age-matched controls (ratio: 4:1). We defined de Quervain's disease (ICD-9-CM codes 727.9), CTS (ICD-9-CM codes 354.0), and trigger finger (ICD-9-CM codes 727.03) cases in Taiwan in the NHIRD using ICD-9 codes. We used SAS 9.4 (SAS Institute Inc., Cary, NC) for related variable analyses: age (age groups: 29 status ("unmarried" or "married, divorced, widowed"); education level ("high school and below" or "university and above"); low income ("yes" or "no"); and whether the patient had been treated with a hormone antagonist which was used as an antiestrogen to treat breast or ovary cancers within the previous 3 years if diagnosed with hand syndromes ("yes" or "no").
Ethics statement
The Institutional Review Board of the Jianan Psychiatric Center, a Taiwan Ministry of Health and Welfare hospital approved the study (IRB: 15-010). Informed consent was waived because patient names and incidence densities (IDs) in the NHIRD were de-identified before being released for research.
Statistical analysis
We cleaned, merged, and analyzed the data using SAS 9.4. IDs of all-cause and cause-specific hand tendinopathy were calculated by dividing the number of people who sought medical care for hand tendinopathy by the total of person-years determined. Descriptive statistics were analyzed for all variables using counts and percentages. All analyses were 2-tailed, and significance was set at P <.05. To reduce potential confounders, a multivariate logistic regression analysis controlled for age, marital status, educational level, low income, joint disease, osteoporosis, RA, diabetes, and hormone antagonist treatment in the three years before hand tendinopathy was used to determine the factors that affected De Quervain's disease, CTS, and trigger finger. The effects of outcome variables were measured using an adjusted odds ratio (AOR) with a 95% confidence interval (CI). All data were retrieved and processed within the Taiwan Data Science Center of the Ministry of Health and Welfare.
Results
From 2010 to 2014, the total of the prevalence rates of these 3 hand tendinopathies was 3.16% (Table 1) . Their individual prevalence rates were 1.59% for CTS, 0.49% for de Quervain's disease, and 1.07% for trigger finger. Prevalence rates were twice as high for women (66.27%) than for men ( Table 1 ). The most female-dominant condition was de Quervain's disease (72.74%). More ≥80-year-old men than women had trigger finger. De Quervain's disease was most prevalent in 30-to 39-year-old men; the highest prevalence of most other cases of hand tendinopathy was in 50-to 59-year-old men and women.
In female patients, most cases of de Quervain's disease, CTS, and trigger finger were in the 50-to 59-year-olds (34.05%) and in the 40-to 49-year-olds (21.16%) ( Table 2 ). Most (83.91%) case group members were married, divorced, or widowed. Fewer case group members had a high educational level (11.66% vs 14.62%), but more had a low income (1.09% vs 0.85%), chronic comorbid joint disease (10.10% vs 4.95%), and diabetes (11.77% vs 8.70%) than did the control group. Most (95.92%) case group members had not taken a hormone antagonist within 3 years before having one of these three tendinopathies.
Multivariate logistic regression analyses adjusted for marital status, education level, income, chronic diseases, and taking hormone antagonists in the previous three years (after a diagnosis for hand tendinopathy) indicated that marital status and education level were significantly related to CTS and trigger finger: married, divorced, and widowed case-group members were 1.40 times and 1.15 times more likely to have CTS and antagonists in the previous 3 years after case had hand tendinopathies were 1.18 times, 1.69 times and 1.27 times more likely to have CTS, de Quervain's disease, and trigger finger (95% CI = 1.08-1.274, P = .001; 95% CI = 1.51-1.90, P <.001; 95% CI = 1.13-1.42, P <.001) ( Table 3 ).
Discussion
We found that, during the five years from 2010 to 2014, CTS was the most prevalent type of hand tendinopathy, trigger finger was second, and de Quervain's disease was third. This was consistent with a study [10] that evaluated 867 hand tendinopathy patients from 2009 to 2010. The gender ratio (female to male) of morbidity rate of 3 conditions is 1.94; the highest rate is 2.70: de Quervain's disease. The peak age of disease prevalence is 50 to 59 years old. Joint disease and RA were the most frequent comorbid chronic diseases.
Our findings support previous epidemiologic studies [11] [12] [13] [14] [15] [16] which reported that females were more likely to develop hand diseases than were males. Hormonal changes might account for the prevalence of hand tendinopathy. The median age at menopause of Asian women is 51.1 years old; it ranges between 51.4 and 54 years old in North American and European women. [22] In Taiwanese women, the peak age for our target tendinopathies was between 50 and 59 years old, which includes the average age at onset of menopause and, therefore, suggests the involvement of hormones in the pathogenesis of these diseases. Postmenopausal women have a significantly higher prevalence of musculoskeletal symptoms than do premenopausal women. Abrupt changes of estrogen expression during menopause exacerbate osteoarthritis (OA), RA, and osteoporosis. Estrogen might have intrinsic immune-regulatory properties that upregulate immunoglobulin G (IgG) sialylation in RA and in chondrogenesis in OA. [23, 24] Estrogen deficiency also upregulates T cell-mediated osteoclast activation and leads to osteoporosis. [25] Hormone regulates the immune response might occur during the pathogenesis of these three hand tendinopathies. In addition, men ≥ 80 years were more likely to have trigger finger than were age-matched women. Taiwan's Bureau of Statistics reported that 54.02% to 56.82% of the country's total labor force was between 25 and 44 years old from 2010 through 2014 (https://eng.stat.gov.tw/mp.asp?mp = 5) but that the number of women ≥ 65 years old in the labor force dropped quickly. The peak age of de Quervain's disease in men was 30 to 39 years old, which was also at the peak age of male laborers. Mechanical loading seems to be a significant factor in the pathogenesis of de Quervain's disease. Nevertheless, a large population study [26] reported that women had four times more CTS than did men. The causes of diseases are most likely more complicated than simple sex differences, the combined effects of hormonal changes, and mechanical loading. The type and duration of labor performed and the laborer's age group might also affect the type of tendinopathy developed. However, this hypothesis requires further investigation.
Hormonal changes are associated with musculoskeletal diseases. [27, 28] A direct effect of estrogen antagonist (aromatase-inhibitor [AI]) therapy was reported [26] to induce a musculoskeletal syndrome characterized by tenosynovial change and post-treatment intra-articular fluid. [29] AI treatment is associated with a higher prevalence of CTS and trigger finger. [30] One of our novel findings is that patients treated with AIs had higher AORs for de Quervain's disease (1.69, 95% CI = 1.51-1.90, P <.0001), trigger finger (1.27, 95% CI = 1.13-1.42, P <.0001), and CTS (1.18, 95% CI = 1.08-1.27, P <.0001). Our study is the first to report that in a large group of AI patients, AI therapy is a cause-specific factor for common hand tendinopathy. Patients with cancer should be informed when they are scheduled for AI therapy. There is a wealth of data on the effects of hormones on inflammatory and degenerative arthritis like RA and OA. [31] RA affects about 1% of the worldwide population (6:1 [female:male] in young adults). [32] The Women's Health Initiative (https://www.whi.org/SitePages/WHI% 20Home.aspx) said [33] that 44% of the participating postmenopausal women reported OA. A systematic review and metaanalysis [34] suggest that both RA and OA increase the risk of CTS. They evaluated 23 studies for the meta-analysis, and the pooled confounder-adjusted AORs were 1.96 for RA and 1.87 for OA. We found that the AORs for CTS of case-group members Table 3 Multivariate logistic regression analysis of factors associated with hand tendinopathy in female patients. Shen et al. Medicine (2019) 98:1 Medicine were 2.40 for joint diseases and 1.82 for RA. We included all joint diseases in all joints. This might be why our study had higher AORs for CTS. Moreover, we found that RA and OA also increased the risk of de Quervain's disease and trigger finger. Our study had, for patients with de Quervain's disease, higher AORs for patients comorbid with joint diseases (1.99, 95% CI = 1.78-2.22, P <.0001) than for patients comorbid with RA (1.53, 95% CI = 1.16-2.01, P = .0027). The AORs of patients with trigger finger had a higher AOR for patients comorbid with joint diseases (1.87, 95% CI = 1.75-2.00, P <.0001) than for patients comorbid with RA (1.77, 95% CI = 1.51-2.08, P <.0001), but they were not significantly different; this suggested that de Quervain's disease might be more associated with joint diseases. It is not clear whether autoimmune disease or degenerative inflammatory disease had stronger effects on the pathogenesis of the three targeted tendinopathies. Nevertheless, they must be differentially diagnosed from RA-induced phalangeal joint pain to avoid overestimating the occurrence of this RA-related symptom.
Trigger finger and CTS are common clinical problems for patients with DM. Other studies [35] [36] [37] [38] report that trigger finger and CTS are more common in patients with than without DM. Because DM causes peripheral neuropathy, also a symptom of CTS, a differential diagnosis is necessary. Osteoporosis is considered a common postmenopausal disease. [39] Surprisingly, however, the association of this disease with musculoskeletal symptoms is not widely studied. CTS is more associated with osteoporosis than with trigger finger and de Quervain's disease, which suggests that CTS and osteoporosis share some common pathogenic causes. However, this hypothesis requires further investigation.
Limitations
Our study has some limitations. Because we relied on insurance claims data instead of actual medical records, the disease prevalence might be underestimated, and there might be a misclassification bias. Second, the availability of other socioeconomic factors (occupation and financial status) is limited. We found that a lower educational level and lower income were significantly associated with hand tendinopathy, especially with CTS. Case-group members' job types and work behaviors were not provided in these data; thus, we were unable to associate these tendinopathies with socioeconomic factors. However, we currently use an in vitro cyclic stretching culture system (ATMS Boxer TM, TAIHOYA Corporation, Kaohsiung, Taiwan) to study the effects of mechanical stress on tissue. It partly answers the question. Third, most of the AI-treated patients had cancer. AI therapy usually lasts from 6 months to 3 years; therefore, we controlled for that. However, cancer might be a potential confounder; we did not rule that out in this study.
Conclusion
In conclusion, we surveyed the epidemiology of three common hand tendinopathies in Taiwan between 2010 and 2014. We found that they are all female-dominant conditions. We hypothesize that the combined effects of hormonal changes and mechanical loading lead to different types and severities of hand tendinopathy. The risk factors of these tendinopathies are joint disease, RA, DM, and hormonal antagonist therapy. A differential diagnosis is required between these three hand tendinopathies and RA-and DM-induced symptoms. Patients should be informed at the start of AI treatment of their risk of developing one or more of these tendinopathies and of other risks. Our findings should provide a greater understanding of the risk factors associated with hand tendinopathy and should be a valuable reference for clinicians.
